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(a)

There were significant, positive, linear relationships for mean, normalized VO2 (r2 MP=0.99 and r2 MSK= 0.99; p < 0.01) and
HR (r2 MP =0.97 and r2 MSK=0.99; p < 0.01) versus Tlim during the incremental tests to exhaustion. There were significant,
positive, quadratic relationships for mean, normalized Fb (R2 MP=0.98 and R2 MSK=0.99; p < 0.05 and p < 0.01,
respectively) and RER (R2 MP=0.99 and R2 MSK=0.99; p < 0.01) versus Tlim during the incremental tests to exhaustion.

% of HRpeak (%)

% of VO2peak (%)

80.00

20.00

(b)

0.00
0

20

40

60
Time to Exhaustion (%Tlim)

80

100

120

0

20

40

60
Time to Exhaustion (%Tlim)

80

100

120

120.00

100.00

100.00

80.00

Table 2. Descriptive characteristics for mouthpiece subjects (n = 8).

Variable

Mean ± SD

Range

Variable

Mean ± SD

Range

Age (y)

20.8 ± 1.3

19.0 – 22.0

Age (y)

21 ± 0.93

20.0 – 23.0

Body Mass (kg)

73.2 ± 9.7

59.1 – 85.5

Body Mass (kg)

62.2 ± 7.6

51.8 – 74.1

Height (cm)

175.3 ± 8.3

170.2 – 193.0

Height (cm)

171.5 ± 6.4

165.1 – 182.9

VO2peak (mLkg-1min-1)

53.2 ± 8.9

41.7 – 64.5

VO2peak (mLkg-1min-1)

51.0 ± 10.2

36.5 – 70.4

HRpeak (bpm)

192.0 ± 5.7

183.0 – 201.0

HRpeak (bpm)

198.8 ± 8.1

189.0 – 211

Fbpeak (bpm)

56.6 ± 6.1

48.0 – 67.8

Fbpeak (bpm)

60.6 ± 12.8

41.7 – 79.7

RERpeak

1.13 ± 0.06

1.05 – 1.17

RERpeak

1.16 ± 0.04

1.08 – 1.22
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Table 1. Descriptive characteristics for mask subjects (n = 8).
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During running exercise, trained runners will utilize both nasal and oral breathing mechanisms. However, during
most clinical running tests, the breathing apparatus blocks the nasal pathway, therefore only allowing oral
breathing. It has been suggested that a breathing apparatus that allows both nasal and oral breathing may provide
an environment that is more similar to running outside of a lab setting. PURPOSE: The purpose of this study was
to examine the patterns of responses for physiological variables during an incremental treadmill running exercise
test to exhaustion utilizing both a traditional mouth piece (MP) and breathing mask (MSK) apparatus.
METHODS: 16 subjects (MSK: mean ± SD age: 20.8 ± 1.3 yrs; body mass: 73.2± 9.7 kg; height: 175.3± 8.3
cm; MP: mean ± SD age: 21 ± 0.9 yrs; body mass: 62.2 ± 7.6 kg; height: 171.5 ± 6.4 cm) performed an
incremental treadmill running test to exhaustion for the determination of maximal oxygen consumption (VO2peak),
and peak values for heart rate (HRpeak), breathing frequency (Fbpeak), and respiratory exchange ratio (RERpeak). All
submaximal values from the incremental treadmill test were normalized as a percent of their peak value (value
corresponding to VO2peak), and data points were normalized across subjects and represented as a percent of time to
exhaustion (Tlim: 20, 30, 40, 50, 60…100% Tlim). The first three minutes of exercise were eliminated for the initial
physiological adjustment to exercise, so percent Tlim begins at 20% for all subjects. Statistical analysis included
polynomial regression analyses to determine the patterns of responses for the physiological variables during runs in
MP and MSK conditions. RESULTS: There were significant, positive, linear relationships for mean, normalized
VO2 (r2 MP=0.99 and r2 MSK= 0.99; p < 0.01) and HR (r2 MP =0.97 and r2 MSK=0.99; p < 0.01) versus Tlim
during the incremental tests to exhaustion. There were significant, positive, quadratic relationships for mean,
normalized Fb (R2 MP=0.98 and R2 MSK=0.99; p < 0.05 and p < 0.01, respectively) and RER (R2 MP=0.99 and
R2 MSK=0.99; p < 0.01) versus Tlim during the incremental tests to exhaustion. CONCLUSIONS: VO2 and HR
followed the same pattern of response (linear), while Fb and RER exhibited quadratic patterns for both MP and
MSK conditions. These findings indicate that there are differences in the patterns of response among physiological
variables, but that there is no effect of breathing apparatus on the patterns of responses for VO2, HR, Fb, and RER
during an incremental test to exhaustion. PRACTICAL APPLICATIONS: Previous studies have indicated that
breathing apparatus does not affect peak values during an incremental test, the results of this project add to these
findings in that breathing apparatus does not affect the patterns of responses for VO2, HR, Fb, and RER during a
maximal treadmill running test. Furthermore, the findings of the present study suggest that the MP, which obstructs
nasal breathing, does not affect variables typically measured during clinical running tests, and therefore, MP or
MSKs may be used for testing purposes.
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Figure 1. Normalized mean values for the (a) VO2, (b) heart rate (HR), (c) breathing frequency (Fb), and (d)
respiratory exchange ratio (RER) vs. time relationships during the incremental tests to exhaustion.

Conclusions and Practical Applications
Methods

Introduction
During running exercise, trained runners will utilize both nasal and oral breathing mechanisms. However, during most
clinical running tests, the breathing apparatus blocks the nasal pathway, therefore only allowing oral breathing. It has
been suggested that a breathing apparatus that allows both nasal and oral breathing may provide an environment that is
more similar to running outside of a lab setting.
Each breathing apparatus has its drawbacks. When the mouthpiece and nose clip are used, subjects may have difficulty
swallowing comfortably. When the mask is used, subjects may feel uncomfortable and leakage around the edges may
be a potential source of error when collecting gas measurements for VO2peak.. Some research has disagreed on whether
or not the subject’s discomfort or difficulty swallowing affects the response patterns for each breathing apparatus in
terms of VO2, HR, Fb, and RER.
The purpose of this study was to examine the patterns of responses for physiological variables during an incremental
treadmill running exercise test to exhaustion utilizing both a traditional mouth piece (MP) and breathing mask (MSK)
apparatus.

Subjects:
Sixteen moderately trained runners (Table 1 and 2) performed an incremental treadmill running test to exhaustion for the
determination of maximal oxygen consumption (VO2peak), and peak values for heart rate (HRpeak), breathing frequency (Fbpeak),
and respiratory exchange ratio (RERpeak). Moderately trained was defined as running 16 to 48 kmŸ
wk-1 most weeks during the 6month period prior to testing. All subjects were instructed to avoid exercising the day prior to the test. The subjects recruited did
not have any known cardiovascular, pulmonary, metabolic, and/or history of coronary heart disease. All submaximal values from
the incremental treadmill test were normalized as a percent of their peak value (value corresponding to VO2peak), and data points
were normalized across subjects and represented as a percent of time to exhaustion (Tlim: 20, 30, 40, 50, 60…100% Tlim). The
first three minutes of exercise were eliminated for the initial physiological adjustment to exercise, so percent Tlim begins at 20%
for all subjects. This study was approved by the University Institutional Review Board for Human Subjects. All Subjects
completed a health history questionnaire and a written informed consent prior to participation.
Experimental Design:
During the first visit, subjects completed a familiarization session on a motorized treadmill. During the second visit, the VO2peak
(vO2peak), RPE peak (RPEpeak), HR peak (HRpeak), and breathing frequency peak (Fbpeak) was determined from an incremental
treadmill test to exhaustion. Prior to the test, each subject completed a 3 min warm-up on the treadmill at a velocity of 4.8 kmh1 and 0% grade, followed by a 3 min passive recovery. Following the warm-up, each subject was fitted with their assigned
breathing apparatus. The incremental test began at the treadmill velocity of 6.4 kmh-1 and 0% grade. Thereafter, the velocity
was increased by 1.6 kmh-1 every 2 min to 14.4 kmh-1 and 0% grade. Following the 14.4 kmh-1 stage, the velocity was no
longer increased, however, the treadmill grade was increased by 2% every 2 min until the subject could no longer maintain the
running velocity and grasped the handrails to signal exhaustion.
Statistical Analysis:
Statistical analysis included polynomial regression analyses to determine the patterns of responses and best model fit (linear vs.
quadratic) for the physiological variables during runs in MP and MSK conditions.

VO2 and HR followed the same linear pattern of response vs. Tlim, while Fb and RER exhibited quadratic patterns for both MP
and MSK conditions. These findings indicate that there are differences in the patterns of response among physiological
variables, but that there is no effect of breathing apparatus on the patterns of responses for VO2, HR, Fb, and RER during an
incremental test to exhaustion.
Previous studies have indicated that breathing apparatus does not affect peak values during an incremental test. The results of
this project add to these findings in that breathing apparatus does not affect the patterns of responses for VO2, HR, Fb, and RER
during a maximal treadmill running test. Furthermore, the findings of the present study suggest that the MP, which obstructs
nasal breathing, does not affect variables typically measured during clinical running tests, and therefore, MP or MSKs may be
used for testing purposes. Thus, in sick individuals or people for whom the mask or mouthpiece with nose clip causes
discomfort or apprehension, that individual has the flexibility to choose which breathing apparatus they prefer.
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